Introduction
Cigarette smoking is one of the leading, but preventable, causes of premature death worldwide (1) (2) (3) (4) . Smoking harms nearly every organ of our body and increases mortality from all causes in human beings (2, 5) . The worldwide economic burden related to smoking has been estimated within the billion-dollar range, which results from direct medical care, lost productivity due to premature deaths, and exposure to secondhand smoke (6) . Although the prevention of smoking initiation is of paramount importance, the cessation of tobacco use is also crucial (7) . Approximately twothirds of smokers want to quit smoking, but not many people eventually succeed in smoking cessation (8) (9) (10) . In addition, smoking cessation rates have been remained stagnant worldwide (11) (12) (13) . South Korea has made remarkable progress in decreasing the smoking rates of adult males from 66.3% to 45% between 1998 and 2007. However, the rates in this population ranged from 43.7% to 48.3% between 2007 and 2012, which remained nearly unchanged for the six consecutive years (14) . Smoking rates among adult males in Korea are much higher compared with other developed countries (e.g., the U.S. and Canada: 16.4-17.9% and 17.4-20.4%, respectively, between 2007 and 2011) (15) . Given that smoking cessation rates have remained stagnant globally, previous researchers have examined various factors that might explain smoking cessation rates. However, the majority of the studies were conducted among smokers in smoking cessation programs who may not provide an accurate portrayal of the general population (10, 16) . Further, the contributing factors of smoking cessation might vary according to ethnicity/race or geography. Few studies have explored the factors associated with successful smoking cessation using community-based Korean population, but the range factors examined in the studies were somewhat limited (9, (17) (18) (19) (20) . Therefore, this study was conducted to explore the factors that are associated with successful smoking cessation among Korean adult males using representative data from the Korea National Health and Nutrition Examination Survey (KNHANES). A comparison was made between the successful quitters and those who failed to quit after attempts to stop smoking.
Materials and Methods

Study Design, Data Source, and Participants
The present study is a secondary data analysis of the KNHANES that was conducted over a 6-year period from 2007 to 2012 by the Korea Centers for Disease Control and Prevention (KCDC). The KNHANES is an ongoing nationwide representative cross-sectional survey intended to examine the overall physical and mental health, lifestyle behaviors, and dietary habits of the South Korean general population. The KNHANES adopted a complex stratified multistage probability-cluster sampling design based on geographical areas, age, and gender so as to minimize sampling bias. The survey comprises a health interview (e.g., health behaviors such as smoking, physical and mental symptoms, etc.), a health examination (e.g., basic blood and urine tests, etc.), and a nutritional survey (e.g., eating amounts and habits). Further information about the study design and sampling process are provided elsewhere (21, 22) A total of 47,806 individuals took part in the survey. The inclusion criteria for the participants in this study were: 1) males, 2) adults ages 19-65 years, 3) those with a smoking history of ≥ 100 cigarettes in a lifetime, and 4) those who attempted smoking cessation. We excluded: 1) those who never smoked or with a smoking history of < 100 cigarettes in a lifetime, and 2) those who never attempted smoking cessation. Consequently, 7,839 males (16.39% of the 47,806 participants) ages 19-65 years with a history of smoking ≥ 100 cigarettes in a lifetime and prior attempts to quit smoking were included in the study. Figure 1 displays the inclusion and exclusion processes and number of the study participants in the study sample.
Ethical Considerations
The institutional review board (IRB) of the KCDC reviewed and approved the KNHANES survey annually and the IRB approval numbers were 2007-02CON-04-P, 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, and 2012-01EXP-01-2C. Written informed consent was obtained from each study participant prior to the survey (21) . All of the data were downloaded from the official website of the KNHANES (http://knhanes.cdc.go.kr/). These data are open to the public after completing a designated registration process for access.
Measurements and Definitions of Important General and Clinical Characteristics Smoking-related characteristics
The definitions of the participants are as follows: 1) Successful quitters in smoking cessation: those who reported a smoking history of ≥ 100 ciga-rettes in their lifetime, attempted smoking cessation in the past and, responded "yes" to the question, "I currently do not smoke cigarettes although I did in the past"; 2) Failed quitters (Failures) in smoking cessation: those who reported a history of ≥ 100 cigarettes in their lifetime, attempted smoking cessation in the past, and responded "yes" to the question, "I currently smoke cigarettes daily or occasionally." To take the history of smoking cessation, the participants were allowed to choose more than one answer to the following question, "Which of the following smoking cessation modalities did you use to quit smoking?" The possible answers included willpower (abstinence), nicotine replacement therapy (NRT) (e.g., patch or gum), prescribed oral medicines, education/counseling, and the smokers' quit-line. Second-hand smoking exposure at the work place and home also were included as smoking-related information.
Clinical characteristics, health behaviors, perceived health status, and mental health All of the participants' blood samples were collected after an overnight fast (20) . The medical histories (e.g., trauma history and comorbidities), health behaviors (e.g., drinking and exercise) and mental health (e.g., perceived psychological stress and depressive symptoms) were evaluated using self-report questionnaires, according to the KNHANES guidelines (21) . Heavy drinkers were defined as those consuming ≥ 7 glasses of alcohol (regardless of type of the alcohol) per occasion at least ≥ 2 times per week. Moderate exercisers were defined as those exercising at a moderate level of intensity ≥ 30 minutes per session at least ≥ 5 times a week. Perceived health status was evaluated by self-reports of the level of overall health (very good/good, fair, or poor/very poor). Quality of life (QoL) was measured using the EuroQoL, which consists of both a health-status descriptive system (EQ-5D) and a visual analogue scale (EQ-VAS). The EQ-5D assesses current health status according to five dimensions (i.e., mobility, selfcare, usual activities, pain/discomfort, and anxiety/depression). The final score of the EQ-5D was assessed by the EQ-5D scoring system according to three responses, including "no problems, some problems, and inability/extreme problems." The EQ-VAS ranges from 0 to 100. Zero indicates the worst imaginable health while 100 signifies the best imaginable health (23, 24) . Perceived psychological stress was defined as moderate to severe stress in daily life. Depressive symptom was defined as continuous emotional sadness and disturbance to the point of having difficulty maintaining daily activities for at least 2 weeks during the past year. Suicidal ideation was defined as thoughts of committing suicide in the past year.
Statistical Analysis
Data were analyzed using the SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA). A p value < 0.05 was considered statistically significant. All of the data are presented as mean ± standard error (SE) for continuous variables or as proportions (SE) for categorical variables. T-tests and chisquare tests were performed to evaluate the differences between the groups for continuous and categorical variables, respectively. The prevalence of successful and failed quitters during the study period was presented as proportions (SE) ( Table 1) . Multiple logistic regression analyses were conducted to explore the associations between success of smoking cessation and various factors. The results were reported using adjusted odd ratios (ORs) and their 95% confidential interval (CI). A 95% CI that did not span 1.0 was considered statistically significant (Table 4) . Data are presented as % (SE): P value was by chi-square.
Results
Prevalence of Successful vs. Failed Quitters
The prevalence rates of the successful and failed quitters are presented in Table 1 . The successful and failed quitters accounted for 3,570 (45.5%) and 4,269 (54.5%), respectively, of the 7,839 males who participated in the study. There were no significant differences in the prevalence rates for the 6 years from 2007 to 2012 (39.2-44.7% for success vs. 55.3%-60.0% for failure, P = 0.243).
Sociodemographic Characteristics and Smoking History of the Study Participants
The sociodemographic characteristics and smoking history of the participants according to their success or failure at smoking cessation are presented in Table 2 . The successful quitters were older than the failures. The successful quitters were also more likely to be married, have full-time/weekday employment, and have a higher income compared to the failures. For the smoking cessation methods, the more successful quitters chose willpower (successful quitters vs. failures: 91.8% vs. 82.8%, P < 0.001) while more failures chose NRT (successful quitters vs. failures: 5.7% vs. 19.1%, P < 0.001) and education/counseling (successful quitters vs. failures: 3.8% vs. 6.8%, P < 0.001). Table 3 displays the differences in clinical characteristics, health behaviors, and mental health be-tween the successful quitters and failures. Blood pressure, BMI, waist circumference, fasting blood sugar, and total cholesterol were more likely to be higher in the successful quitters compared to the failures. In addition, comorbidities of DM, HTN, CVD, and cancer were reported to be higher in the successful quitters. However, the failures were more likely to have trauma history (P = 0.016), and be heavy drinkers (P < 0.001). Perceived health status and QoL (EQ-VAS) were higher in the successful quitters while perceived stress, depressive symptoms, and suicidal ideation were higher in the failures. Table 4 ). On the other hand, the likelihood of succeeding in smoking cessation was lower in people who were exposed to second-hand smoke at home (OR = 0.44; 95% CI 0.32-0.62) and used NRT for smoking cessation (OR = 0.29; 95% CI 0.29-0.37). 
Clinical Characteristics, Health Behaviors, and Perceived and Mental Health of the Study Participants
Factors Associated with Smoking Cessation Success
Discussion
The purpose of this study was to explore the potential factors that are associated with success in smoking cessation by comparing the successful quitters to the failures among adult males using South Korea's nationally representative database. Self-reports of tobacco smoking by Korean females are not reliable as there is social prejudice against Korean women who smoke (25) . Therefore, we decided to focus on male smokers in this study. Our study's findings can be summarized as follows: 1) smoking cessation rates have not improved significantly during the 6-year study period; 2) factors significantly associated with success in smoking cessation were older age, marriage, higher income, larger amount of cigarettes smoked prior to the cessation attempt, use of willpower for smoking cessation, non-heavy drinking, cancer diagnosis and other comorbidities, perception of good health status, higher levels of QoL, and not being under psychological stress. However, second-hand smoke exposure at home and using NRT among various smoking cessation modalities were significantly associated with a lower likelihood of smoking cessation. Previous researchers have examined various factors that might predict smoking cessation rates. A few studies have reported a significant relationship between lower socioeconomic statuses, higher rates of tobacco use, and unsuccessful quit attempts (16, (26) (27) (28) (29) (30) . Our study also confirmed that those with higher income were more likely to succeed in smoking cessation. We also observed a significant association between successful smoking cessation and older age (16, 18, 27) , and marital status (18) , which was consistent with the findings of other studies. Our study reported higher prevalence of having comorbidities, in particular cancers, among successful quitters. Having cancer increased the likelihood of success in smoking cessation to 2.25 times (95% CI = 1.33-3.79). It has been previously reported that cancer survivors are more likely to have healthier behaviors leading to smoking cessation (31) (32) (33) . Therefore, we can only speculate that the comorbidities might have provided our study population with a stronger motivation to quit. Previous studies have reported that lower levels of cigarette consumption (16, 27) were associated with higher success rates of smoking cessation. However, our report found that those who successfully quit reported higher levels of daily cigarette consumption (≥ 20 cigarettes/day) in the past. As stated above, we observed that comorbidities such as cancer could have contributed to smoking cessation in our study population. Thus, it is possible that a higher prevalence of major comorbidities in heavier smokers will have conferred to a stronger motivation to quit. Indeed, we observed significantly higher prevalence of DM, hypertension, cardiovascular disease and cancer among heavier smokers in this study population (Data not shown).
In the present study, successful quitters reported having used willpower (successful quitters, 91.8% vs. failures, 82.8%, P < 0.001) more often to quit smoking compared to failures who used NRT (failures, 19.1% vs. successful quitters, 5.7%, P < 0.001) and education/counseling (failures, 6.8% vs. successful quitters, 3.8%, P < 0.001). It was found that NRT, such as the patch or gum, was the major smoking cessation mode chosen among the various pharmaceutical modes by Koreans between 2005 and 2011 according to a study using national data (34) . The use of NRT has increased the likelihood of tobacco cessation by 50-70% in other studies (35, 36) . However, our study found that the participants who used NRT were less likely to succeed in smoking cessation (OR = 0.29, CI = 0.23-0.37), which is somewhat contradictory to previous reports. The smoking relapse of NRT users is frequently compared to that of those who tried to quit by using the cold-turkey method (37) . At this time, we do not have historical information on whether the successful quitters tried NRT or were aware of the advantages of using NRT before using the cold turkey method as a final attempt to quit. It will be beneficial to know whether this pattern of smoking cessation seen in our participants may be attributed to their Korean ethnicity with its unique cultural characteristics. Our study also found that people exposed to secondhand smoke at home were less likely to quit smoking compared to those without exposure to secondhand smoke. This finding is similar to a recent study (10) who reported that smoking cessation was less likely to occur among workers frequently exposed to smokers at work or home. Kahler et al. (38) found that males who were heavy drinkers (at least 5 drinks for more than once a week) had lower rates of smoking cessation. Our finding that people who are not heavy drinkers were 1.73 times (95% CI = 1.50-1.99) more likely to succeed in smoking cessation is consistent with previous studies. Perceived stress and continuous smoking cessation were negatively associated (39) (40) (41) . Our study results also indicated that less stress was associated with successful smoking cessation, but we are not able to confirm whether better mental health was the consequence of smoking cessation or a contributor to it. In sum, the findings of our study are in agreement with others in that we found multiple factors were involved in successful smoking cessation, such as older age, higher income, being married, having a smoke-free environment, abstinence from alcohol, and better stress management. In contrast to previous studies, using will power to quit smoking, and higher levels of cigarette consumption were associated with successful smoking cessation in the adult males in our study. The strength of our study is that we examined a broader spectrum of potential contributors to successful smoking cessation than most of the previous studies among a homogenous population in terms of its race/ethnicity and geography. However, this study also has several limitations. First, a cause-effect relationship cannot be inferred from our study results due to the nature of crosssectional studies; therefore, determining causeeffect relationships would require future studies. Second, the data on the duration of smoking abstinence was not available. Given the high relapse rate of cigarette smoking, future studies using follow-up or longitudinal approaches may be needed for further verification of our study's results. Finally, the generalization of our study's findings may be somewhat limited, given the homogeneity of our study participants in terms of geography, gender, and ethnicity/race. This limitation can be addressed in future studies using more diverse populations.
Conclusion
A smoke-free environment, use of willpower and abstinence from alcohol are crucial to the success of smoking cessation, but different strategies to help in this effort may need to be tailored to an individual's geography, gender, and ethnicity/race. Our study findings will be helpful in developing effective strategies and/or intervention programs for smoking cessation.
